Electrospray mass spectrometry studies of non-heme iron-containing proteins.
The oligomeric state and the metal atom stoichiometry of a series of non-heme iron-containing, multimeric proteins have been measured using electrospray ionization (ESI) in a time-of-flight (TOF) mass spectrometer. The proteins were obtained both from natural sources and by overexpression of recombinant DNA in Escherichia coli. ESI-TOF mass spectra of the metalloproteins present in nondenaturing solutions exhibit peaks corresponding to the multimeric forms of the holoproteins containing the expected number of metal atoms. Capillary-skimmer dissociation of the holoproteins produces a series of ions, which allows an exact count of the number of metal atoms present in each subunit, and also provides an indication of the oxidation state of the metal atoms. Two recombinant proteins, Phascolopsis gouldii hemerythrin (Pg-Hr) and Desulfovibrio vulgaris rubrerythrin (Dv-Rr), have been examined as well as hemerythrin isolated from Lingula reevii (Lr-Hr). ESI-TOF measurements of the aqueous solution of Pg-Hr at pH 6 yields ions of mass 108,783 Da, in close agreement with the calculated average molecular mass of an intact octameric holoprotein. Capillary-skimmer dissociation of the ions of the holoprotein produces a mass spectrum that contains peaks corresponding to a low m/z monomer and a high m/z heptamer. The masses of the monomer ions produced in this manner are assigned to the aposubunit, [subunit + Fe - 3H]+, and [subunit + 2Fe - 6 H]+. Naturally occurring Lr-Hr is composed of two subunits with average molecular masses measured under denaturing conditions by ESI-TOF to be 13,877.0 Da for the alpha-subunit and 13,517.5 Da for the beta-subunit. Under nondenaturing conditions, a multimeric species with a molecular weight of 110,663 Da is measured by ESI-TOF, corresponding to an alpha 4 beta 4 octamer. Capillary-skimmer dissociation of the alpha 4 beta 4 oligomer produces ions corresponding to both types of monomers (alpha and beta) and the corresponding heptamers (alpha 3 beta 4 and alpha 4 beta 3). In ESI-TOF measurements of recombinant rubrerythrin Dv-Rr using nondenaturing conditions, the principal ion observed corresponds to a homotetramer with an average molecular mass of 86,844 Da. Capillary-skimmer dissociation of the rubrerythrin tetramer leads to formation of a series of peaks corresponding to the subunit of the apoprotein and to subunits containing from one to three specifically bound iron atoms.